To understand how the molecular chaperone Hsp90 participates in conformational maturation of the estrogen receptor (ER), we analyzed the interaction of immobilized purified avian Hsp90 with mammalian cytosolic ER. Hsp90 was either immunoadsorbed to BF4 antibody-Sepharose or GST-Hsp90 fusion protein (GST.90) was adsorbed to glutathione-Sepharose. GST.90 was able to retain specifically ER, similarly to immunoadsorbed Hsp90. When cells were treated with estradiol and the hormone treatment was maintained during cell homogenization, binding, and washing steps, GST.90 still interacted efficiently with ER, suggesting that ER may form complexes with Hsp90 even after its activation by hormone and salt extraction from nuclei. The GST.90-ER interaction was consistently reduced in the presence of increasing concentrations of potassium chloride or when cytosolic ER-Hsp90 complexes were previously stabilized by molybdate, indicating that GST.90-ER complexes behave like cytosolic Hsp90-ER complexes. A purified thioredoxin-ER fusion protein was also able to form complexes with GST.90, suggesting that the presence of other chaperones is not required. ER was retained only by GST.90 deletion mutants bearing an intact Hsp90 N-terminal region (1-224), the interaction being more efficient when the charged region A was present in the mutant (1-334). The N-terminal fragment 1-334, devoid of the dimeric GST moiety, was also able to interact with ER, pointing to the monomeric N-terminal adenosine triphosphate binding region of Hsp90 (1-224) as the region necessary and sufficient for interaction. These results contribute to understand the Hsp90-dependent process responsible for conformational competence of ER.
INTRODUCTION
The estrogen signal is mediated by the estrogen receptor (ER), which is a ligand-inducible transcription factor of the nuclear receptor superfamily. In the absence of estradiol, ER predominantly localized in the nucleus (King and Greene 1984) is found in the cytosolic fraction of cell homogenate as part of a 9S, highly dynamic, multiprotein complex consisting of a dimer of the Hsp90 chaperone, the p23 cochaperone, and one of several large immunophilins, such as Cyp40 or FKBP52 (Joab et al 1984; Pratt and Toft 1997; Smith et al 2000) . It is known that molyb-date stabilizes the interaction between Hsp90 and steroid receptors, leading to a 9S receptor form that is not able to bind to DNA. It is also known that the glucocorticoid receptor (GR) and the mineralocorticoid receptor (MR), when dissociated from Hsp90, differently from other receptors, rapidly lose the capacity to bind hormone (Bresnick et al 1988; Rafestin-Oblin et al 1992) . These results have suggested a dual role for Hsp90, a negative one in maintaining the receptor in a repressed form and a positive one in facilitating the hormone binding. Indeed Hsp90 is essential for effective ligand-dependent gene expression by all steroid receptors, even though ER displays some activity at low Hsp90 level (Picard et al 1990) .
The chaperone function of Hsp90 toward nonspecific and specific targets has been recently established as dependent on its adenosine triphosphatase activity (Ober-mann et al 1998; Panaretou et al 1998; Scheibel et al 1998; Grenert et al 1999) . The participation of Hsp90 in steroidinduced signal transduction has been also investigated using geldanamycin, a compound that specifically interacts with the adenosine triphosphate (ATP) binding site of Hsp90 and interferes with its functions (Prodromou et al 1997a; Stebbins et al 1997) . Geldanamycin drastically inhibited the induction of glucocorticoid-specific gene and severely compromised the hormone binding by 4 steroid receptors, including ER (Segnitz and Gehring 1997) . Even though in vitro ER has been reported as less dependent on Hsp90 than GR or MR (Pratt and Toft 1997) , a genetic approach has recently strongly suggested that ER requires Hsp90 both for efficient hormone binding and transcriptional activity (Fliss et al 2000) .
In vitro studies have shown that an ER 9S complex, displaying the same properties as the native cytosolic one, can be reconstituted with purified Hsp90 and ER and is able to modulate the binding of ER to its responsive element (ERE) (Inano et al 1990 (Inano et al , 1992 Sabbah et al 1996) . Although the ligand binding domain (LBD) of most steroid receptors is sufficient for Hsp90 binding (Pratt and Toft 1997) , ER requires additional amino acids (251-271) near the DNA binding domain, including a nuclear localization signal (NLS) (Chambraud et al 1990; Ylikomi et al 1992) .
Studies with Hsp90 deletion mutants showed that a large C-terminal region (380-728) is sufficient for reconstitution of a complex with the progesterone receptor (PR) (Sullivan and Toft 1993) . Moreover, 2 internal deletion mutants, ⌬B (charged region) and ⌬Z (leucine zipper), still interacted with GR, ER, or MR, whereas the deletion of the charged A region (221-290) precluded complex formation, indicating that this region stabilizes the 9S receptor form (Cadepond et al 1993; Binart et al 1995) . Nevertheless, in a nuclear cotranslocation assay, ⌬A Hsp90 interacted in vivo with ER (Meng et al 1996) . Thus, a clear picture of the regions of Hsp90 required for the association with steroid receptors is still lacking.
To characterize Hsp90 domains sufficient to bind ER as a first step to understand how Hsp90 participates in conformational competence of the receptor, we have analyzed the interaction of ER with wild-type or truncated Hsp90 immobilized on resins via antibodies or N-terminal fusion with GST and investigated the effect of salts, molybdate, estradiol, and ATP. We have found that the monomeric N-terminal ATP binding region of Hsp90 was sufficient and necessary for complex formation with ER bound or not bound to estradiol.
MATERIALS AND METHODS

ER containing cellular extracts
ERC3 cells were grown at 37ЊC with 5% carbon dioxide (Kushner et al 1990) in phenol red-free Dulbecco modified Eagel medium containing 10% steroid-free fetal calf serum and were treated or not with 10 Ϫ7 M estradiol for 1 hour. The cells were collected in phosphate-buffered saline, centrifuged at 600 ϫ g for 5 minutes, and then homogenized with a Teflon-glass potter in cytosol buffer (1.5 vol), pH 7.4 (20 mM Tris, 15% glycerol, 1 mM ethylenediamine-tetraacetic acid tris glycerol EDTA (TGE), 1 mM dithioerythritol, 0.2 mM phenylmethylsulfonyl fluoride and antiproteases cocktail). Cells treated with estradiol were homogenized in the same buffer containing 0.4 M potassium chloride (KCl) and saturating amount of estradiol to obtain whole cell extracts. Homogenates in lowor high-salt buffer were centrifuged for 45 minutes at 105 000 ϫ g, and the supernatant was used for binding experiments. All operations were performed at 4ЊC.
Plasmid constructs
pGEX vectors were from Amersham Pharmacia; pSVK3 chicken Hsp90␣ constructs (Meng et al 1996) and the bacterial expression plasmid pGEX90 (GST.90) have been previously described (Kang et al 1999) . pGEX N1C1 was obtained by substituting the KpnI-SalI Hsp90 complementary DNA (cDNA) fragment of pGEX90 with the KpnI-SalI cDNA fragment of pSVK3N1C1. pGEX N1C2 was obtained by EcoRI digestion of pGEX90 to eliminate the C-terminal fragment of the Hsp90 cDNA and religation of the vector bearing the N-terminal Hsp90 cDNA region. pGEX N1C3 was constructed by substituting the KpnI-SalI coding fragment of pGEX90 with the KpnI-XhoI cDNA fragment from pSVK3NC4. pGEX N2C was constructed by inserting the cDNA fragment SmaI-XhoI of pSVK3N2C at the same sites of pGEX4T1 vector. pGEX N4C was obtained by insertion of the EcoRI-XhoI cDNA fragment of pSVK3N4C5 at the same sites of pGEX4T1 vector. The control plasmid was pGEX2T (GST alone). The predicted cDNA sequences encoding GST fusion proteins were confirmed by automated sequencing. The constructs were transformed into Epicurian Coli Bl21-Gold (DE3) pLys S Competent cells (Stratagene).
GST.90 and GST.90 mutants bacterial expression
Bacterial cells bearing the pGEX constructs were grown overnight in 500 mL of Luria broth (LB) medium at 37ЊC. The expression of fusion proteins was induced with 1 mM isoprophylthio-␤-D-galactoside (IPTG) for 3 hours. Subsequently, cells were lysed by sonication in lysis buffer (20 mM Tris hydrochloride pH 8, 100 mM sodium chloride, 5 mM ethylenediamine-tetraacetic acid, 0.5% NP40); the lysate was clarified by centrifugation at 9000 rpm for 10 minutes and stored at Ϫ20ЊC. Coomassie blue staining of an aliquot of each lysate, separated by 10% sodium dodecyl sulfate-polyacrylamide gel electro-phoresis (SDS-PAGE), was used to determine the relative level of expression of each fusion protein.
BF4-Hsp90 resin
The purified immunoglobulin G fraction from BF4 ascites fluid (Joab et al 1984) , an antibody that recognizes specifically avian Hsp90␣ (Meng, unpublished results) , was coupled to divinylsulfone-activated Sepharose 4B as described . Chicken Hsp90␣ was obtained by 1-step immunoaffinity purification on BF4 resin (Radanyi et al 1989) . This procedure, using as starting material a chicken embryo cytosol, gave a homogenous Hsp90 preparation (purity Ͼ95%) on the basis of SDS-PAGE and Coomassie blue or silver staining followed by gel scanning densitometry . A total of 100 L of BF4 resin after immunoadsorption of purified Hsp90 was used for binding experiments.
Purified ER
A thioredoxin (TRX)-ER (D-E regions of ER, residues
302-552) fusion protein of 48 kDa, a gift from Marc Ruff, was produced with the pET Thiofusion System 32 (Novagen) and purified from Escherichia coli in the absence or presence of estradiol (Gangloff et al 2001) . Liganded and unliganded ER was in Tris maleate (pH 8) buffer, 50 mM sodium chloride, and 50 mM ␤-mercaptoethanol, with or without 35 M estradiol. The antibody used for TRX-ER detection was a rabbit antihistidine tag.
GST.90-ER complex and salt treatment
After centrifugation, bacterial lysate containing GST or GST.90 was adsorbed to glutathione-Sepharose 4B (Pharmacia) preequilibrated with lysis buffer. After washing, 200 L of Sepharose beads containing almost equal molar amounts of GST or GST.90 were incubated with cytosolic or whole cell extracts of ERC3 (600 g of protein at 2-3 mg/mL) in the absence or presence of KCl (150 and 400 mM) for 1 hour at 4ЊC. After this, the complexes were stabilized with 50 mM sodium molybdate. Sepharose gel was washed 3 times with 5 volumes of the same buffer containing sodium molybdate.
Gel electrophoresis and Western blot analysis
Proteins interacting with GST, GST.90, or GST.90 mutants fixed on glutathione-Sepharose were solubilized in SDS Laemmli buffer by heating at 100ЊC for 5 minutes. The amounts of solubilized interacting proteins and of total input indicated in the legend of Figures were analyzed on a 10% denaturing gel and transferred to nitrocellulose membranes. That comparable quantities of GST, GST90, and GST.90 mutants were adsorbed to gluthatione-Sepharose was verified by staining with Ponceau red. Membranes were saturated 1 hour in 10% nonfat milk in phosphate-buffered saline and 0.05% Tween 20, incubated with the specific antibodies, washed, and revealed using the ECL system. The signal corresponding to ER was analyzed using BioImage Software Station (Millipore). The range of arbitrary integrated optical densities between 0.01 and 10 was linear when using increasing amounts of loaded proteins.
Thrombin cleavage
To remove GST, 10 g of GST.90 and GST.N1C2 were cleaved with 0.5 U thrombin overnight at 4ЊC in 300 L of 10 mM Tris (pH 7.5) buffer. Hsp90 and N1C2 fragments, after retention of GST on affinity resin, were then fixed to BF4 resin and incubated with ER containing cellular extracts.
Antibodies
Antibodies used were C.311 (Santa Cruz), directed against residues 495-595 of ER C-terminal region and BF4, which recognizes an epitope in the charged A region of avian Hsp90␣ (Meng et al 1996) .
RESULTS
Interaction of ER with immobilized Hsp90
Previous reports have demonstrated that Hsp90-ER complexes can be reconstituted in solution from crude or purified components, leading to the detection of a 9S heterocomplex composed at least of Hsp90 and ER moieties (Inano et al 1990 (Inano et al , 1992 Sabbah et al 1996) . To map the minimal region of Hsp90 able to interact with ER, the reconstitution of the complex was first assessed using purified avian Hsp90 immunoimmobilized on BF4 antibody-Sepharose or GST fusion protein (GST.90) adsorbed to glutathione-Sepharose beads. Hsp90 immunoadsorbed to BF4 resin was incubated with an ER-containing cytosolic extract from ERC3 cells, a CHO-derived cell line that expresses high levels of ER (Kushner et al 1990) . Hsp90 and associated proteins were eluted from the resin with a pH 10.5 buffer; then Hsp90 and ER were detected with specific antibodies. As shown in Figure 1 A,B, both proteins were detected in the first 4 eluted fractions, indicating that immunoimmobilized Hsp90 interacts with ER, retaining roughly more than 30% of cytosolic ER (not shown). Moreover, since the BF4 antibody is specific for avian Hsp90␣, retention of ER by the resin was not dependent on the adsorption of ERC3 cytosolic mammalian Hsp90 by the immobilized antibody. Neither signal was present when the ERC3 cytosol was incubated with the BF4 resin alone (not shown). Next, the interaction between cytosolic ER and Hsp90 was investigated using GST.90 fusion protein or GST alone immobilized on glutathione-Sepharose. GST beads did not retain ER (Fig 1C,  lane GST B) , thus excluding nonspecific interactions between ER and Sepharose 4B or GST. In contrast, about 30-40% of the cytosolic ER input (lane T) was bound to GST.90 beads (lane GST.90 B).
It is known that steroid receptor-Hsp90 interaction is stabilized against dissociation by the presence of oxyanions such as molybdate and vanadate (Pratt and Toft 1997) . Therefore, in the experiments reported herein, the molybdate was introduced at the end of the interaction between GST.90 and ER preparations to stabilize the formed complex. Moreover, we tested whether GST.90-ER complex formation is decreased by the prior stabilization of the Hsp90-ER complex in ERC3 cytosol by molybdate. It was found that the binding of ER to GST.90 was consistently reduced by more than 50% by the presence of molybdate in ERC3 cytosol (Fig 1D, compare GST. 
B [ϩ] and GST.B [Ϫ]).
It is known that besides Hsp90 other chaperones and auxiliary proteins are required for conformational competence of steroid receptors; however, it is not clear whether the physical Hsp90-ER interaction depends on the presence of all those proteins. This issue was investigated by incubating GST.90 beads with highly purified histidine-tagged TRX-ER (ER LBD containing D and E regions) fusion protein prepared in the continuous presence of estradiol. Figure 1E shows that more than 30% of the purified TRX-ER (lane T) was bound to GST.90 (lane GST.90 B) and not to GST (lane GST B). Therefore, the presence of other chaperones was not required for interaction. Since incubation of purified TRX-ER with GST.90 beads and the subsequent washing steps were not supplemented with estradiol, it can be concluded that prior hormone binding does not preclude ER from interacting with Hsp90. The same pattern of interaction was obtained with TRX-ER purified in the absence of ligand, although with lower efficiency (less than 30% of ER binding, data not shown).
The GST.90-ER interaction is estradiol independent and inhibited by high salt concentrations
When ER is activated in vivo by estradiol, it binds tightly to chromatin structures from which it can be, to a large part, solubilized by high-salt treatment. To investigate to what extent GST.90-ER interaction was dependent on the presence of a high salt concentration, GST.90 beads were incubated with a low-salt cytosolic ER extract supplemented with KCl (150 or 400 mM). The usual 30-40% of ER binding to GST.90 in the absence of KCl was reduced
Fig. 2. Effects of KCl and estradiol on GST.90-ER interaction. (A)
ER-containing cytosolic extract (CE) was supplemented with KCl to obtain the indicated concentrations and incubated with GST.90 beads. (B) Estradiol-treated, ER-containing whole cell extract (WE) (400 mM KCl) was diluted with or without KCl to obtain the indicated concentrations and incubated with GST.90 beads. One-twelfth of CE, one-tenth of WE, and one-tenth of ER bound to GST.90 were detected by Western blot.
to 15% with 150 mM KCl and further decreased with 400 mM KCl (Fig 2A) in agreement with the known dissociation of 9S complexes by salts.
We then examined the ability of liganded ER to interact with GST.90. The high-salt ERC3 whole cell extract recovered from estradiol-treated cells was diluted to obtain 150 mM KCl or to maintain 400 mM KCl (Fig 2B) . It was further incubated with and washed from GST.90 beads in the continuous presence of a saturating amount of hormone. The ER signal per milligram of protein recovered from whole cell extract was always lower than ER signal from low-salt cytosol (compare CE and WE, Fig 2A) . However, the GST.90 bound fraction, which again decreased with increasing KCl concentrations, was higher compared with that of cytosolic extract. These results suggest that in vitro the continuous presence of estradiol does not abolish GST.90-ER interaction.
Delimitation of Hsp90 domains able to interact with ER
To test which domains of Hsp90 are responsible for interaction with ER, N-and C-terminal Hsp90 truncation mutants were generated and expressed in frame with GST. The GST.90 wild type and mutants are schematically represented in Figure 3A ; the migration of the corresponding fusion proteins in denaturing gel is shown in Figure 3B . GST.90 wild type and mutants adsorbed to glutathioneSepharose beads were incubated with ER-containing cytosolic extracts, and interaction with ER was assessed as in Figure 1 . Figure 3C shows that GST.N1C2 (1-334) interacted with ER to an extent comparable to GST.90 (1-728), whereas GST.N1C1 (1-224) and GST.N1C3 (1-573) were less efficient in ER binding. and did not interact with cytosolic ER. However, these 2 mutants seem to retain a degradation fragment of ER of approximately 30 kDa, indicating that, during the binding step, ER is less protected against proteolysis and an ER binding site may exist in the C-terminal region of Hsp90. These results indicate that full-length ER may only interact with Hsp90 wild type or mutants bearing an intact N-terminal region, and the interaction is more efficient when the charged A region is present in the mutant.
It is worth noting that the Hsp90 N-terminal region (1-224) necessary and sufficient for interaction with ER bears the ATP-geldanamycin binding site. The presence of ATP (15 mM) during the incubation and washing steps did not change the interaction with the ER (data not shown).
N-terminal Hsp90 dimerization is not required for interaction with ER
It is known that dimeric GST imposes a dimeric structure on a monomeric fused protein moiety (Nemoto et al 1995; Zabel et al 1999) . In solution, the Hsp90 1-224 fragment behaves as a monomer even though the same region crystallizes either as a monomer or as a dimer (Prodromou et al 1997b) . The Hsp90 dimer is held by contacts near the C-termini, leaving the N-terminal regions at some distance (Maruya et al 1999) . However, elevated temperature or ATP has been described as inducing structural changes in the Hsp90 dimer so that the N-terminal regions of Hsp90 are repositioned to be in close proximity (Maruya et al 1999) . Thus, to determine whether the interaction of GST.N1C2 (1-334) with ER was dependent on the dimeric structure of the fusion protein, the monomeric N-terminal fragment (N1C2) recovered after thrombin cleavage of the GST moiety, retained on glutathione-Sepharose, was immunoadsorbed to the BF4 resin and tested for its ability to interact with cytosolic ER. Results shown in Figure  4 indicate that the GST-dependent dimerization of the Nterminal portion of Hsp90 is not required for interaction with ER.
DISCUSSION
ER, unlike other steroid receptors, retains its estradiol binding properties once dissociated from Hsp90; however, its in vivo dependence on the Hsp90 chaperone machinery has been unequivocally established (Fliss et al 2000) . Although the minimal region of ER needed for complex formation with Hsp90 has been described (Chambraud et al 1990) , it was not known whether isolated domains of Hsp90 directly interact with ER. We investigated the molecular details of Hsp90-ER complex reconstitution using purified chicken Hsp90 or GST.90 fixed to Sepharose resins and found that both Hsp90 forms were able to bind efficiently ER, despite the presence of cytosolic mammalian Hsp90. Moreover, the interaction between GST.90 and ER was decreased by high salt concentrations, indicating that salts, beside favoring dissociation of cytosolic Hsp90-ER complexes, inhibit GST.90-ER complex formation. As expected, the presence of molybdate in ER-containing cytosol, by shifting the equilibrium between Hsp90-ER complex and free components toward complex stabilization, decreased ER-GST.90 interaction. Thus, GST.90-ER complexes display salt and molybdate-dependent properties similar to native 9S complexes.
Reconstitution experiments performed with highly purified TRX-ER fusion protein, in the presence or absence of estradiol, first demonstrated that the GST.90-ER interaction does not require the presence of other chaperones from vertebrates. Second, they indicated that, after transient hormone binding, ER still possesses or reacquires the ability to interact with Hsp90. Finally, since the TRX-ER construct does not include the NLS sequence needed for Hsp90-ER complex formation, its interaction with GST.90 suggests that the N-terminal TRX extension may substitute for the NLS sequence, as also reported for an extension constituted of ␤-galactosidase (Scherrer et al 1993) . Alternatively, GST.90 fixed to resin may favor an interaction that was not detectable in cytosolic extracts containing ER LBD (Chambraud et al 1990) .
It is generally thought that hormone induces dissociation of Hsp90 from steroid receptors. Indeed, estradiol disrupted the Hsp90-ER interaction detected in the absence of hormone by a partial nuclear cotranslocation of cytoplasmic Hsp90 (Devin-Leclerc et al 1998). However, in the experiments reported herein, the continuous presence of estradiol did not affect the GST.90-ER interaction, indicating that estradiol is not switching ER to a conformation unable to bind Hsp90. In agreement with this result, hormone-induced conformational changes of GR and MR have been observed within the 9S complexes (Couette et al 1996; Roux et al 1999) . It is possible that, besides the hormone, a temperature of 37ЊC and/or the ER binding to ERE and coactivators are needed in vitro to observe a significant decrease of GST.90-ER interaction. ERE and ER coactivators may inhibit Hsp90 binding to ER, not necessarily by competing for the same sites but possibly by steric hindrance. We suggest, therefore, that in vivo, during and after estradiol stimulation, ER may transiently interact with Hsp90 for recycling, pointing to an Hsp90 function in steroid signaling not only before but also after receptor activation (Kang et al 1999) . This suggestion is consistent with recent studies demonstrating Hsp90-dependent nuclear recycling of GR (Liu and DeFranco 1999) . Thus, steroid receptor-chaperone complexes do not seem to be restricted solely to the cytoplasm. A small but significant fraction (3%) of the abundant cytoplasmic Hsp90 is found within nuclei, where it might continuously assemble receptors for recycling into competent heteromeric complexes .
The results obtained with GST.90 deletion mutants demonstrate that the N-terminal region 1-224 is necessary and sufficient for interaction with ER, although the interaction was less important than with wild-type GST.90. The same region was sufficient for GR binding (not shown). Comparatively, GST.N1C2 (1-334) interacts with ER as well as GST.90, possibly because it bears the charged A region. Several studies have suggested that this region has a regulatory function in the protein binding activity of Hsp90, since its presence improves the chaperone activity of the N-terminal domain (Scheibel et al 1999) . Moreover, the same charged region, which is dispensable for viability in yeast when limited to residues 211-259 (Louvion et al 1996) or for ATP-dependent p23 binding , is required for luciferase refolding (Johnson et al 2000) . With respect to ER, the deletion of the Hsp90 A region precluded detection of cytosolic 9S complexes (Binart et al 1995) , but allowed complex formation when the Hsp90-ER interaction was tested by a nuclear cotranslocation assay (Meng et al 1996) . In conclusion, this region may contribute to stabilizing the interaction between ER and the Hsp90 1-224 fragment. GST.90 constructs lacking the N-terminal region were not able to retain wild-type ER; however, a C-terminal degradation product of approximately 30 kDa was bound to some extent. The same fragment was also present in the fraction bound to GST.N1C3, indicating that some constructs during interaction may favor ER proteolysis even in the presence of appropriate inhibitors. Since this C-terminal degradation product of ER was in part retained by large C-terminal Hsp90 regions, the possibility cannot be excluded that this region possesses a second site for interaction with ER. In fact, immunoadsorbed PR was able to interact with a large C-terminal fragment of Hsp90 (Sullivan and Toft 1993) . It has been recently reported that the target of molybdate is the C-terminal Hsp90 region that, in the presence of transition metal oxyanions, is protected against proteolysis (Hartson et al 1999; Soti et al 1998) . This C-terminal change of conformation may directly participate in or indirectly stabilize the Hsp90-ER interaction.
The N-terminal monomeric ATP binding region of Hsp90 devoid of the GST moiety was sufficient for binding full-length ER. This finding differs from the recently reported requirement of transient dimerization or vicinity of the N-terminal Hsp90 regions in the dimer for adenosine triphosphatase activity or ATP-dependent p23 binding Prodromou et al 2000) , suggesting that the chaperone undergoes different conformational transitions during its multistep cycle.
In conclusion, we have established that the mere Hsp90-ER binding step does not necessitate other chaperone and auxiliary proteins nor is it hindered by hormone binding to the receptor. Finally, it does not require vicinity or interaction between N-terminal regions of Hsp90 dimer.
